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Antimicrobial activitiesAbstract A series containing twelve substituted styryl 40-nitrophenyl ketones have been synthe-
sized using solvent free SiO2–H2SO4 catalysed aldol reaction under microwave condition. The yield
of chalcones is found to be more than 80%. These synthesized ketones have been characterized by
their physical constants and spectral data. The spectral frequencies of these chalcones have been
correlated with Hammett substituent constants, F and R parameters. From the results of statistical
analyses the effect of substituents on the frequencies has been predicted. The antimicrobial activities
of all ketones have also been studied with the help of Bauer–Kirby method.
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Chalcone is 1,3-diphenyl-2-propene-1-one, in which two
aromatic rings are linked by a three carbon a,b-unsaturated
carbonyl system. Chalcones possess conjugation and a com-pletely delocalized p-electron system on both benzene rings.
Chalcones have been isolated from several plants, and are pre-
cursors of ﬂavone compounds. Chalcones are well known
intermediates for synthesizing various heterocyclic com-
pounds. The compounds with the backbone of chalcones have
been reported to possess various properties by which they ﬁnd
many applications in different ﬁelds. Many chalcones have
been used as agro chemicals and drugs (Mirinda et al., 2000;
Monostory et al., 2003; Nowakowska, 2007; Majinda et al.,
2001; Sitaram Kumar et al., 2007). A variety of methods are
available for the synthesis of chalcones, the most convenient
method is the one that involves the Crossed-Aldol condensa-
tion of equimolar quantities of acetylated aliphatic or aromatic
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of aqueous alcoholic alkali (Thirunarayanan and
Ananthakrishna Nadar, 2002). Claisen–Schmidt and aldol
condensation of equimolar quantities of aryl methyl ketone
with substituted benzaldehydes in the presence of alcoholic
alkali (Venkat Reddy et al., 2001; Thirunarayanan and
Ananthakrishna Nadar, 2006a,b; Thirunarayanan 2007a,b)
also yield chalcones in appreciable quantities. Nowadays
numerous reagents have been used for the synthesis of chal-
cones such as anhydrous zinc chloride (Thirunarayanan and
Ananthakrishna Nadar, 2006a,b), Clay (Ballini et al., 2001),
ground chemistry catalysts-grinding the reactants with sodium
hydroxide (Thirunarayanan, 2008a), aqueous alkali in lower
temperatures (Basaif et al., 2005), solid sulphonic acid from
bamboo (Xu et al., 2008), barium hydroxide (Blackwell,
2006), anhydrous sodium bicarbonate (Zhang et al., 2003),
Fly-ash:water, microwave irradiation (Thirunarayanan
2007a,b, 2012) and sulphated titania (Krish-akumar et al.,
2011). In recent years, correlation analysis has been applied
by chemists for solving the molecular equilibration in ground
state through spectral data. On the basis of spectral data, s-
cis and s-trans isomers of alkenes, a,b-unsaturated ketones,
aldehydes etc., have been investigated using ground state
molecular conformational equlibria (Thirunarayanan and
Ananthakrishna Nadar, 2006a,b; Thirunarayanan, 2008b).
Recently Ranganathan et al., (Ranganathan et al., 2012) have
applied the single and multi-regression analysis for investigat-
ing the effect of substituents on a and b hydrogens and car-
bons of furyl and thienyl chalcones. Literature survey shows
that there is little information regarding the study of solvent
free synthesis, infrared and NMR spectral study and antimi-
crobial activities of substituted styryl nitro phenyl ketones.
Hence the authors have taken efforts for synthesizing the
ketones and studying the effect of substituents through the
spectral data and their antimicrobial activities.
2. Experimental
2.1. General
All chemicals used have been purchased from Sigma–Aldrich
and E-Merck chemical companies. Melting points of all chal-
cones have been determined in open glass capillaries on a Met-
tler FP51 melting point apparatus and are uncorrected. The
UV spectra of all synthesized chalcones have been recorded
on a SHIMADZU-1650 SPECTROMETER in spectral grade
methanol. Infrared spectra (KBr, 4000–400 cm1) have been
recorded on a AVATAR-300 Fourier transform spectropho-O
O
XHO2N
SiO2-H2S
MW, 4
Entry 1 2 3 4 5 6 7
X H 3-Br 4-Br 3-Cl 4-Cl 4-F 2-OCH3
Scheme 1 Synthesis of 40-nitrochalcones by SiO2–H2SO4 catometer. The NMR spectra of all ketones were recorded in
BRUKER 400 spectrometer operating at 500 MHzfor 1H
NMR spectra and 125.46 MHz for 13C NMR spectra in
DMSO solvent using TMS as internal standard. Mass spectra
have been recorded on a SHIMADZU GC-MS2010 Spectrom-
eter using Electron Impact (EI) techniques.
2.2. Preparation of catalyst
The SiO2–H2SO4 catalyst has been prepared as per the proce-
dure published in the literature (Thirunarayanan et al., 2012).
In a 50 mL Borosil beaker, 1 g of silica and 0.8 mL (0.5 mol) of
sulphuric acid have been taken and mixed thoroughly with a
glass rod. This mixture has been heated on a hot air oven at
85 C for 1 h, cooled to room temperature, stored in a borosil
bottle and tightly capped. This catalyst was characterized by
infrared spectra and SEM analysis.
2.3. Synthesis of 40-nitrochalcones
An appropriate mixture of 4-nitroacetophenone (2 mmol),
substituted benzaldehydes (2 mmol) and 0.5 g of SiO2–H2SO4
has been taken in a borosil tube and tightly capped. The mix-
ture has been placed in a microwave oven and treated under
microwave condition for 8–10 min (Scheme 1) (LG Grill, Intel-
lowave, Microwave Oven, 160–800 W) and then cooled to
room temperature. The reaction mixture was mixed with
10 mL of dichloromethane and stirred well, kept aside for
10 min. The catalyst was separated by ﬁltration. The organic
layer with dichloromethane was washed with distilled water
and separated though separating funnel, evaporation of organ-
ic layer afforded the solid chalcone. The solid, on recrystalliza-
tion with benzene–hexane mixture yields glittering solid. The
insoluble catalyst has been recycled by washing the solid re-
agent on the ﬁlter by ethyl acetate (8 mL) followed by drying
in an oven at 100 C for 1 h. This catalyst is made reusable
for further reactions. The analytical, yield and mass spectral
data of these chalcones are presented in Table 1.3. Results and discussion
3.1. Spectral correlations
In the present investigation UV absorption maxima from UV
spectra and the spectral linearity of chalcones have been stud-
ied by evaluating the effect of substituents. The assigned group
frequencies of all chalcones like carbonyl stretches mCO, theCH
O
CH
O2N
O4
60W X(1-12)
8 9 10 11 12
4-OCH3 4-CH3 2-NO2 3-NO2 4-NO2
talysed aldol condensation under solvent free conditions.
Table 2 UV–Vis absorption kmax (nm) and infrared spectral data (m, cm
1) of substituted styryl 40-nitrophenyl ketones.
Entry X kmax CO(s-cis) CO(s-trans) CHip CHop CH‚CHop C‚Cop Ar–CH Substt.
1 H 317 1662 1589 1105 774 1034 571 2929 –
2 3-Br 297 1648 1579 1105 777 1068 568 2926 –
3 4-Br 311 1647 1585 1104 785 1070 591 2917 –
4 3-Cl 309 1667 1590 1105 780 1035 583 2924 –
5 4-Cl 323 1664 1587 1173 763 1032 625 2917 –
6 4-F 316 1667 1585 1159 765 1034 584 2917 –
7 2-OCH3 271 1656 1584 1104 766 1034 561 2921 1258 (C–O–C)
8 4-OCH3 352 1656 1584 1105 766 1035 561 2919 1258 (C–O–C)
9 4-CH3 332 1659 1588 1107 764 1032 548 2923 1219 (CH3)
10 2-NO2 312 1671 1600 1109 766 1036 553 2917 –
11 3-NO2 267 1670 1600 1176 765 1036 581 2926 –
12 4-NO2 283 1653 1595 1108 794 1032 597 2917 –
Table 1 Physical constants and mass spectral data of substituted styryl 40-nitrophenyl ketones.
Entry X M. F. M. W. Yield (%) M.p. (C) Mass (m/z)
1 H C15H11NO3 253 84 120–121 253[M
+], 176, 163, 150, 103, 90, 77
(118–119)a
2 3-Br C15H10NO3Br 332 80 162–163 332[M
+], 334[M2+], 252, 180, 176, 167, 163, 154, 150, 77
3 4-Br C15H10NO3Br 332 83 168–169 332[M
+], 334[M2+], 252, 180, 176, 167, 163, 154, 150, 77
4 3-Cl C15H10NO3Cl 287 82 142–143 287[M
+], 289[M2+], 176, 163, 150, 137, 124, 111, 77, 34
5 4-Cl C15H10NO3Cl 287 85 244–245 287[M
+], 289[M2+], 176, 163, 150, 137, 124, 111, 77, 34
6 4-F C15H10NO3F 271 83 228–229 271[M
+], 273[M2+], 176, 163, 150, 121, 108, 95, 77, 18
7 2-OCH3 C16H13NO4 283 80 156–157 283[M
+], 176, 163, 150, 133, 120, 107, 77, 31
8 4-OCH3 C16H13NO4 283 81 188–189 283[M
+], 176, 163, 150, 133, 120, 107, 77, 31
9 4-CH3 C16H13NO3 267 83 176–177 267[M
+], 176, 163, 150, 117, 104, 91, 77, 15
10 2-NO2 C15H10N2O5 298 84 184–185 298[M
+], 176, 163, 150, 148, 135, 122, 77, 45
11 3-NO2 C15H10N2O5 298 83 180–181 298[M
+], 176, 163, 150, 148, 135, 122, 77, 45
12 4-NO2 C15H10N2O5 298 84 215–216 298[M
+], 176, 163, 150, 148, 135, 122, 77, 45
(216–217)b
a Wang and Zeng (2009).
b Faghihi and Mozafari (2008).
S124 R. Arulkumaran et al.deformation modes of vinyl part CH out of plane, in-plane,
CH‚CH and >C‚C< out of planes (cm1), the vinyl
hydrogen from IR spectra and chemical shifts d (ppm), of
Ha, Hb, Ca, Cb and CO from
1H and 13C NMR spectra have
been correlated with various substituent constants.
3.1.1. UV–Vis and IR spectral study
The measured absorption maxima (kmax nm) of these chalcones
are presented in Table 2. These values are correlated with
Hammett substituent constants and F and R parameters using
single and multi-linear regression analyses (Thirunarayanan
2007a,b, 2008b; Ranganathan et al., 2012; Kamalakkannan
et al., 2012). Hammett equation for correlation involving the
measured absorption maxima, employed in the present investi-
gation is given below:
k ¼ qrþ ko ð1Þ
where ko is the absorption maxima for the parent member of
the series.
The results of statistical analysis (Thirunarayanan 2007a,b,
2008b; Ranganathan et al., 2012; Kamalakkannan et al., 2012)
of these values with Hammett substituent constants are
presented in Table 3. From Table 3, Hammett substituent con-
stants r, r+ and rI are found to give satisfactory correlations.
The rR, F and R parameters give poor correlations with kmax.
All constants show negative q values. This is due to the weakﬁeld and inductive effects of the substituents for predicting the
reactivity on the absorption through resonance. This is evident
from the resonance conjugative structure shown in Fig. 1. The
multi regression analysis of these absorption maxima of all ke-
tones with inductive, resonance and Swain–Lupton’s (Swain
and Lupton, 1968) constants are found to produce satisfactory
correlations and are given in Eqs. (2) and (3).
UVðkmaxÞ ¼ 325:43ð16:391Þ  46:657ð31:864ÞrI
 9:400ð30:226ÞrR
ðR ¼ 0:974; n ¼ 12;P > 95%Þ ð2Þ
UVðkmaxÞ ¼ 318:69ð15:827Þ  37:218ð29:979ÞF
 24:450ð27:061ÞR
ðR ¼ 0:948; n ¼ 12;P > 90%Þ ð3Þ3.1.2. Infrared spectral study
All synthesized 40-nitrochalcones exist as s-cis and s-trans con-
formers with reference to carbonyl and vinyl groups. In the
present study, the carbonyl stretching frequencies (cm1) of
s-cis and s-trans isomers and CH, CH‚CH and >C‚C<
deformation modes are shown in Table 2 and the correspond-
ing conformers are shown in Fig. 2. The infrared spectra have
been recorded on the KBr disc in order to avoid the shoulder
formation on carbonyl doublets. The s-cis conformers exhibit
Table 3 Results of statistical analysis of UV–Vis absorption kmax (nm) and infrared spectral data (m, cm
1) of substituted styryl 40-nitrophenyl ketones with Hammett substituent
constants, F and R parameters.
Frequency Constants r I q s n Correlated derivatives
UVkmax r 0.941 313.63 25.119 23.39 10 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 4-OCH3, 4-CH3, 3-NO2, 4-NO2
r+ 0.951 311.93 24.936 22.04 10 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 4-OCH3, 4-CH3, 3-NO2, 4-NO2
rI 0.947 327.96 49.408 22.69 9 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 4-CH3, 2-NO2, 4-NO2
rR 0.827 304.60 21.684 25.11 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3, 2-NO2, 3-NO2, 4-NO2
F 0.847 325.04 41.032 23.54 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3, 2-NO2, 3-NO2, 4-NO2
R 0.857 302.20 29.180 24.40 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3, 2-NO2,3-NO2, 4-NO2
mCOs-cis r 0.926 1658.78 5.288 8.26 9 H, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3, 2-NO2, 3-NO2
r+ 0.917 1659.54 2.811 8.43 9 H, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3, 2-NO2, 3-NO2
rI 0.914 1657.34 6.539 8.41 9 H, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3, 2-NO2, 3-NO2
rR 0.920 1661.04 6.941 8.37 9 H, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3, 2-NO2, 3-NO2
F 0.920 1656.52 8.297 8.30 9 H, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3, 2-NO2, 3-NO2
R 0.910 1661.40 7.230 8.32 9 H, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3, 2-NO2, 3-NO2
mCOs-trans r 0.970 1586.26 11.210 4.86 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
r+ 0.962 1587.52 8.012 5.32 10 H, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3, 2-NO2, 3-NO2,4-NO2
rI 0.742 1584.11 11.593 6.20 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
rR 0.907 1591.81 19.750 4.51 11 H, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3, 2-NO2,3-NO2, 4-NO2
F 0.837 1584.62 10.054 6.33 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
R 0.970 1592.41 18.683 4.37 11 H, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3, 2-NO2,3-NO2, 4-NO2
mCHip r 0.722 1117.94 16.243 29.66 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
r+ 0.811 1120.07 9.788 30.01 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
rI 0.827 1102.17 47.936 28.09 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
rR 0.705 1122.61 6.296 30.41 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
F 0.742 1098.93 54.328 27.17 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
R 0.704 1122.67 5.176 30.42 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
mCHop r 0.940 769.80 9.956 9.57 9 H, 3-Br, 4-Br, 3-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3, 4-NO2
r+ 0.943 770.49 9.736 9.10 9 H, 3-Br, 4-Br, 3-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3, 4-NO2
rI 0.902 767.66 10.865 10.12 8 H, 3-Br, 4-Br, 3-Cl, 4-F, 2-OCH3, 4-OCH3, 4-NO2
rR 0.903 774.16 13.825 9.84 8 H, 3-Br, 4-Br, 3-Cl, 4-F, 2-OCH3, 4-OCH3, 4-NO2
F 0.810 769.23 6.818 10.33 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
R 0.903 774.53 12.649 9.85 9 H, 3-Br, 4-Br, 3-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3, 4-NO2
mCH‚CHop r 0.801 1038.95 3.843 14.27 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
r+ 0.708 1038.77 6.469 13.95 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
rI 0.800 1036.04 9.309 14.18 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
rR 0.702 1039.90 0.504 14.37 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
F 0.724 1037.63 5.250 14.31 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
R 0.803 1039.44 1.980 14.36 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
mC‚Cop r 0.929 573.35 15.546 21.46 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
r+ 0.931 574.66 13.810 21.22 9 H, 3-Br, 4-Br, 3-Cl, 4-F, 2-OCH3, 4-OCH3, 3-NO2, 4-NO2
rI 0.942 561.15 38.765 20.34 10 H, 3-Br, 4-Br, 3-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3, 3-NO2,4-NO2,
rR 0.809 578.12 7.998 22.36 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
F 0.936 563.24 32.687 20.88 10 H, 3-Br, 4-Br, 3-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3, 3-NO2,4-NO2
R 0.801 578.73 9.386 22.31 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
R= correlation coefﬁcient; I= intercept; q= slope; s= standard deviation; n= number of derivatives.
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Figure 1 The resonance-conjugative structure.
S126 R. Arulkumaran et al.higher frequencies than the s-trans conformers due to the bulk-
ier phenyl group causing greater strain and thereby enhancing
absorption frequency of carbonyl group of s-cis isomer. These
frequencies have been analysed (Thirunarayanan 2007a,b,
2008b; Ranganathan et al., 2012; Kamalakkannan et al.,
2012) separately through various Hammett sigma constants.
The single parameter regression analysis produces a fair de-
gree of correlation with Hammett sigma constants in the s-cis
conformers of all chalcones. The results of statistical analysis
are shown in Table 3. The correlations in the s-cis conformers
are found to be satisfactory with Hammett r constants, F and
R parameters. A satisfactory correlation is also observed for
the s-trans conformers only with Hammett r, r+, rR constants
and R parameters. All correlations give positive q values. The
remaining rI and F values fail in correlation. The failure in
correlations is attributed to non-co-planarity arising out of
non-bonded repulsion between phenyl and styryl parts in the
systems. This is due to the cross conjugation of substituent
in styryl ring and the keto group as shown in Fig. 1.
In view of the inability of some of the r constants to pro-
duce individually satisfactory correlations, the authors think
that it is worthwhile to seek multiple correlations involving
collectively either rI and rR constants or Swain–Lupton’s F
and R parameters. The correlation equations generated are
shown in Eqs. (4)–(7).
mCOðcm
1Þ
scis ¼ 1658:86ð6:025Þ þ 4:883ð1:712ÞrI
þ 5:655ð1:110ÞrR
ðR ¼ 0:900; n ¼ 12;P > 90%Þ ð4Þ
mCOðcm
1Þ
scis ¼ 1658:16ð5:699Þ þ 7:314ð1:795ÞF
þ 6:301ð9:745ÞR
ðR ¼ 0:931; n ¼ 12;P > 90%Þ ð5Þ
mCOðcm
1Þ
strans ¼ 1589:00ð3:095Þ þ 6:299ð0:017ÞrI
þ 18:0916ð5:708ÞrR
ðR ¼ 0:978; n ¼ 12;P > 95%Þ ð6ÞC
O
O2N
C
H
H
X
s-cis
Figure 2 The s-cis and s-trans comCOðcm1Þstrans ¼ 1589:23ð2:787Þ þ 7:284ð5:279ÞF
þ 17:757ð4:765ÞR
ðR ¼ 0:981; n ¼ 12;P > 95%Þ ð7Þ
The effect of substituents on infrared deformation modes of
CH, CH‚CH and >C‚C< deformation modes of vinyl
portion has been investigated with various Hammett r con-
stants and Swain–Lupton constants using linear regression
analysis based on Thirunarayanan and Jaishankar. The as-
signed infrared deformation modes of –CH out of plane, in-
plane, –CH‚CH– out of plane and >C‚C< out of plane
stretches (cm1) of vinyl part of these ketones are presented
in Table 2. These modes are separately analysed using single
and multi linear regression analyses through Hammett equa-
tion with various r constants. The results of statistical analysis
are shown in Table 3. The CHip modes produce poor correla-
tion with Hammett r constants, F and R parameters. A fair de-
gree of correlation has been observed with Hammett r
constants and R parameters with CHop modes. The ﬁeld ef-
fects of the substituents fail in correlation. All correlations give
positive q values and it show the operations of normal substi-
tuent effects in all ketones. The correlation of mCH‚CHop
modes also fail with Hammett substituent constants, F and
R parameters. The correlation of mC‚Cop modes is satisfac-
tory with Hammett substituent constants and F parameter.
The failure in correlation is due to the conjugative structure
shown in Fig. 1. While seeking the multi-correlation, collec-
tively the inductive, resonance and ﬁeld effects show satisfac-
tory correlation with the deformation modes and the
corresponding correlation equations are shown below (8)–(15).
mCHðcm
1Þ
ip ¼ 1100:32ð20:361Þ þ 49:942ð3:582ÞrI
 6:854ð3:548ÞrR
ðR ¼ 0:980; n ¼ 12;P > 95%Þ ð8Þ
mCHðcm
1Þ
ip ¼ 1098:48ð19:075Þ þ 54:603ð36:181ÞF
 1:763ð0:614ÞR
ðR ¼ 0:974; n ¼ 12;P > 95%Þ ð9Þ
mCHðcm
1Þ
op ¼ 770:87ð7:033Þ þ 7:388ð1:367ÞrI
þ 11:879ð2:971ÞrR
ðR ¼ 0:900; n ¼ 12;P > 90%Þ ð10Þ
mCHðcm
1Þ
op ¼ 772:34ð6:862Þ þ 4:943ð1:998ÞF
þ 2:021ð1:732ÞR
ðR ¼ 0:935; n ¼ 12;P > 90%Þ ð11ÞO
O2N
H
H
Xs-trans
nformers of 40-nitro chalcones.
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¼ 1035:47ð10:297Þ þ 9:926ð2:017ÞrI
 2:109ð1:988ÞrR
ðR ¼ 0:916; n ¼ 12;P > 90%Þ ð12Þ
mCH ¼ CHðcm1Þop
¼ 1036:93ð10:032Þ þ 5:672ð1:002ÞF
 2:701ð1:152ÞR
ðR ¼ 0:910; n ¼ 12;P > 90%Þ ð13Þ
mC ¼ Cðcm1Þop
¼ 560:50ð14:768Þ þ 39:465ð8:709ÞrI
 2:393ð0:233ÞrR
ðR ¼ 0:942; n ¼ 12;P > 90%Þ ð14Þ
mC ¼ Cðcm1Þop
¼ 564:62ð14:624Þ þ 31:852ð7:700ÞF
þ 5:331ð2:003ÞR
ðR ¼ 0:937; n ¼ 12;P > 90%Þ ð15Þ3.1.3. 1H Spectral study
The 1H NMR spectra of the chalcones under investigation
have been recorded in deuterated dimethyl sulphoxide employ-
ing tetramethylsilane (TMS) as internal standard. The signals
of the ethylenic protons have been assigned. They are calcu-
lated as AB or AA0 BB0 systems respectively (Thirunarayanan
et al., 2011; Lautrber, 1961; Solcaniova et al., 1980; Thiruna-
rayanan, 2008b). The chemical shifts of Ha are found at higher
ﬁeld than those of Hb in this series of ketones. The ethylenic
protons give an AB pattern and the b-proton doublet in most
cases is well separated from the signals of the aromatic pro-
tons. The assigned chemical shifts of the ethylenic protons
are presented in Table 4.
In nuclear magnetic resonance spectra, the proton chemical
shift d (ppm) depends on the electronic environment of the nu-
clei concerned. These shifts have been correlated with reactiv-
ity parameters. Thus the Hammett equation employed for the
analysis is as shown below:
Logd ¼ Logd0 þ qr ð16Þ
where d0 is the chemical shift in the corresponding parent
compound.
The assigned 1H NMR chemical shifts (d ppm) of Ha and
Hb of substituted styryl 4
0-nitrophenyl ketones are presented
in Table 4. These chemical shifts are correlated with Hammett
substituent constants and F and R parameters. The results of
statistical analysis of these chemical shifts (ppm) are shown
in Table 5. Hammett r, r+, rR and R parameters give satisfac-
tory correlations with dHa chemical shifts with positive q val-
ues. The dHb chemical shifts fail in correlation with negative q
values. The failure in correlation is attributed to the incapabil-
ity of predicting the substituent effects on the vinyl protons
and associated with the conjugative structure in Fig. 1. The de-
gree of transmission of substituent effects on dHa is higher
than that on dHb chemical shifts.
Some of the single parameter correlations of dHa and dHb
chemical shifts fail with Hammett sigma constants and F andR parameters. While seeking the multi regression analysis, there
are satisfactory correlations observed with Swain–Lupton and
F and R parameters (Swain and Lupton, 1968). The correlation
multi regression equations are shown below (17)–(20)
dHaðppmÞ ¼ 7:484ð0:064Þ þ 0:046ð0:126ÞrI
þ 0:225ð0:119ÞrR
ðR ¼ 0:957; n ¼ 12;P > 95%Þ ð17Þ
dHaðppmÞ ¼ 7:486ð0:061Þ þ 0:059ð0:116ÞF
þ 0:216ð0:105ÞR
ðR ¼ 0:959; n ¼ 12;P > 95%Þ ð18Þ
dHbðppmÞ ¼ 7:839ð0:057Þ  0:058ð0:111ÞrI
þ 0:014ð0:105ÞrR
ðR ¼ 0:917; n ¼ 12;P > 90%Þ ð19Þ
dHbðppmÞ ¼ 7:830ð0:055Þ  0:035ð0:105ÞF
þ 0:009ð0:095ÞR
ðR ¼ 0:911; n ¼ 12;P > 90%Þ ð20Þ3.1.4. 13C NMR spectral study
The assigned carbonyl carbon chemical shifts (d ppm) of CO,
Ca and Cb of 4
0-nitro chalcones are presented in Table 4 and
these chemical shifts are correlated with Hammett sigma con-
stants and F and R parameters. The results of statistical anal-
ysis are shown in Table 5. From the table, the carbonyl carbon
chemical shifts are found to show poor correlation with Ham-
mett r constants, F and R parameters along with negative q
values. This shows that the normal substituent effect gets re-
versed in all ketones. The assigned vinyl carbon Ca and Cb
chemical shifts (ppm) of 40-nitro chalcones are correlated with
Hammett sigma constants and F and R parameters. The Ca
chemical shifts show good correlation with Hammett r, r+,
rI constants and the q values are found to be positive. This
shows that the normal substituent effects operate in all ke-
tones. The resonance and ﬁeld effects of the substituents fail
in correlation. This is due to the reason stated earlier and it
is attributed to the conjugated structure shown in Fig. 1. The
Cb chemical shifts (ppm) of substituted styryl 4-nitrophenyl
are correlated with Hammett sigma constants and F and R
parameters. A satisfactory correlation is observed for Ham-
mett r, r+, rI constants along with negative q values. The res-
onance and ﬁeld effects of the substituents fail in correlation.
Single parameter correlations of the chemical shifts of 13C
NMR of Ca and Cb (d ppm) from
13C NMR spectral data with
Hammett sigma constants and F and R parameters fail. While
seeking the multi regression analysis, there are satisfactory cor-
relations observed with Swain–Lupton andF andR parameters.
The correlated multi regression equations are given in 21–26.
dCOðppmÞ ¼ 188:80ð1:446Þ  3:455ð2:811ÞrI
 3:362ð2:666ÞrR
ðR ¼ 0:959; n ¼ 12;P > 95%Þ ð21Þ
dCOðppmÞ ¼ 188:63ð1:401Þ  3:335ð2:654ÞF
 3:434ð2:396ÞR
ðR ¼ 0:959; n ¼ 12;P > 95%Þ ð22Þ
Table 4 NMR spectral data (d, ppm) of Ha, Hb, CO, Ca, and Cb substituted styryl 40-nitrophenyl ketones.
Entry X Ha (1H, d) Hb (1H, d) Ar–H Substt. CO Ca Cb Substt.
1 H 7.502 7.855 7.439–8.365 – 189.02 121.32 146.80 –
(9H, m)
2 3-Br 7.301 7.709 7.285–7.963 – 187.58 123.31 141.29 –
(8H, m)
3 4-Br 7.535 7.726 7.503–7.954 – 187.76 122.60 141.69 –
(8H, m)
4 3-Cl 7.507 7.806 7.397–8.399 – 188.61 122.41 145.00 –
(8H, m)
5 4-Cl 7.478 7.816 7.432–8.382 – 188.73 121.65 145.25 –
(8H, m)
6 4-F 7.434 7.840 7.147–8.387 – 188.80 121.04 145.46 –
(8H, m)
7 2-OCH3 7.374 7.834 6.967–8.365 3.890 189.00 123.80 146.71 55.484
(8H, m) (3H, s) (OCH3)
8 4-OCH3 7.376 7.837 6.969–8.370 3.892 189.02 123.81 146.72 55.489
(8H, m) (3H, s) (OCH3)
9 4-CH3 7.460 7.845 7.264–8.374 2.431 189.12 120.32 146.96 21.616
(8H, m) (3H, s) (CH3)
10 2-NO2 7.636 7.907 7.620–8.410 – 188.25 122.55 143.51 –
(8H, m)
11 3-NO2 7.644 7.918 7.628–8.422 – 188.19 122.55 143.51 –
(8H, m)
12 4-NO2 7.388 7.668 7.372–8.297 – 180.76 123.33 152.00 –
(8H, m)
Table 5 Results of statistical analysis of NMR spectral data (d, ppm) of substituted styryl 40-nitrophenyl ketones with Hammett
substituent constants, F and R parameters.
Frequency Constants r I q s n Correlated derivatives
dHa r 0.940 7.441 0.122 0.09 10 H, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3, 2-NO2,3-NO2
r+ 0.948 7.453 0.100 0.09 10 H, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3, 2-NO2,3-NO2
rI 0.821 7.423 0.112 0.10 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
rR 0.956 7.505 0.237 0.09 10 H, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3, 2-NO2,3-NO2
F 0.847 7.430 0.093 0.10 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
R 0.957 7.513 0.223 0.08 10 H, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3, 2-NO2,3-NO2
dHb r 0.822 7.819 0.024 0.07 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
r+ 0.820 7.818 0.031 0.07 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
rI 0.720 7.835 0.054 0.07 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
rR 0.700 7.813 0.001 0.07 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
F 0.718 7.827 0.033 0.07 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
R 0.701 7.814 0.004 0.07 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
dCO r 0.855 188.63 3.171 2.00 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
r+ 0.852 188.29 2.408 2.05 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
rI 0.845 189.71 4.439 2.16 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
rR 0.841 187.26 4.272 2.15 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
F 0.840 189.52 3.871 2.21 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
R 0.844 187.15 3.858 2.16 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
dCa r 0.911 122.32 0.311 1.16 10 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 4-CH3, 2-NO2, 3-NO2, 4-NO2
r+ 0.905 122.37 0.116 1.16 10 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 4-CH3, 2-NO2, 3-NO2, 4-NO2
rI 0.941 121.60 1.949 1.06 9 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-CH3, 2-NO2, 3-NO2, 4-NO2
rR 0.812 122.30 0.594 1.15 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
F 0.874 121.85 1.284 1.12 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
R 0.701 122.30 0.438 1.16 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
dCb r 0.911 145.59 0.815 2.96 9 H, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3, 2-NO2, 3-NO2
r+ 0.919 145.58 1.087 2.93 9 H, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3, 2-NO2, 3-NO2
rI 0.919 146.36 2.342 2.93 9 H, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3, 2-NO2, 3-NO2
rR 0.807 145.45 0.269 2.98 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
F 0.801 146.15 1.770 2.95 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3, 2-NO2, 3-NO2, 4-NO2
R 0.821 145.51 0.533 2.98 12 H, 3-Br, 4-Br, 3-Cl, 4-Cl, 4-F, 2-OCH3, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2
R= correlation coefﬁcient; I= intercept; q= slope; s= standard deviation; n= number of derivatives.
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 1:200ð1:369ÞrR
ðR ¼ 0:948; n ¼ 12;P > 90%Þ ð23Þ
dCaðppmÞ ¼ 121:69ð0:778Þ þ 1:382ð1:474ÞF
 0:613ð1:331ÞR
ðR ¼ 0:921; n ¼ 12;P > 90%Þ ð24Þ
dCbðppmÞ ¼ 146:62ð2:122Þ  2:623ð4:124ÞrI
þ 0:960ð3:914ÞrR
ðR ¼ 0:928; n ¼ 12;P > 90%Þ ð25Þ
dCbðppmÞ ¼ 146:35ð2:068Þ  1:890ð3:918ÞF
þ 0:773ð3:537ÞR
ðR ¼ 0:916; n ¼ 12;P > 90%Þ ð26Þ3.2. Antimicrobial activities
Aryl propenones possess a wide range of multiprolonged bio-
logical activities such as antibacterial, antifungal (Sivakumar
et al., 2007; Lahtchev et al., 2008), antiviral (El-Subbagh
Hussein et al., 2000), antifeedant (Thirunarayanan, 2008a;
Thirunarayanan et al., 2010), anticancer (Modzelewska et al.,
2006), antimalarial (Dominguez et al., 2005), antituberculosis
(Lin et al., 2002), antiAIDS/HIV (Deng et al., 2007) and anti-
oxidant (Weber et al., 2005) activities. These multiprolonged
activities present in different chalcones are examined against
respective microbes-bacteria and fungi.
3.2.1. Antibacterial sensitivity assay
Measurement of antibacterial sensitivity assay was performed
using the Kirby–Bauer (Bauer et al., 1996) disc diffusion tech-
nique. In each Petri plate about 0.5 ml of the test bacterial
sample was spread uniformly over the solidiﬁed Mueller
Hinton agar using a sterile glass spreader. Then the discs with
5 mm diameter made up of Whatmann No. 1 ﬁlter paper,
impregnated with the solution of the compound were placed
on the medium using sterile forceps. The plates were incubated
for 24 h at 37 C by keeping the plates upside down to prevent
the collection of water droplets over the medium. After 24 h,
the plates were visually examined and the diameter values ofTable 6 Antibacterial activities of substituted styryl 40-nitrophenyl
Entry X E. coli S. aureus
1 H + +
2 3-Br —
3 4-Br + +
4 3-Cl ++
5 4-Cl + +
6 4-F — ++
7 2-OCH3 +
8 4-OCH3 — ++
9 4-CH3 + ++
10 2-NO2 —
11 3-NO2 ++
12 4-NO2 ++
Disc size: 6.35 mm; Duration: 24–45 h; Standard: Ampicillin (30–33 mm)
Active (8–12 mm); +: Moderately active (13–19 mm); ++: Active (20–2the zone of inhibition were measured. Triplicate results were
recorded by repeating the same procedure.
The antibacterial activities of all prepared epoxides have
been studied against three gram positive pathogenic strains
Staphylococcus aureus, B. substilis, Micrococcus and two gram
negative strains Escherichia coli and Klebsiella species. The disc
diffusion technique has been followed using the Kirby–Bauer
(Bauer et al., 1996) method, at a concentration of 250 lg/mL
with Ampicillin and Streptomycin being used as standard
drugs. The measured antibacterial activities of all ketones are
presented in Table 6. Compounds 4, 11 and 12 show a maxi-
mum zone of inhibition against E. coli, greater than 20 mm
compared to those of the chalcones 1, 3, 5 and 9 and they
are moderately active in 13–19 mm of zone of inhibition. The
ketones 6, 8 and 9 are found to be effective against S. aureus
within 20–24 mm of zone of inhibition. Compounds 1, 3, 5
and 7 are also moderately active within 13–19 mm of zone of
inhibition. The chalcones 2, 3, 11 and 12 are active within 8–
12 mm of zone of inhibition. The chalcone derivatives 2, 3
and 5 are more active against B. Subtitles showing greater than
20 mm zone of inhibition and the other derivatives showing the
zone of inhibitions between 12–19 mm. The ketones 1, 3, 6, 9
and 11 are effective against Klebsiella with 20–24 mm zone
of inhibition while the other ketones show a moderate activity.
The chalcones 1 and 5 are active when it is screened against
Micrococcus and the other compounds are less effective.3.2.2. Antifungal sensitivity assay
Antifungal sensitivity assay was performed using (Bauer et al.,
1996) the disc diffusion technique. PDA medium was prepared
and sterilized as in the previous case. It was poured (ear bear-
ing heating condition) in the Petri-plate which was already
ﬁlled with 1 ml of the fungal species. The plate was rotated
clockwise and counter clock-wise for uniform spreading of
the species. The discs were impregnated with the test solution.
The test solution was prepared by dissolving 15 mg of the
chalcone in 1 ml of DMSO solvent. The medium was allowed
to solidify and kept for 24 h. Then the plates were visually
examined and the diameter values of zone of inhibition were
measured. Triplicate results were recorded by repeating the
same procedure.
The study of antifungal activities of all chalcones has been
done with Trichoderma viride as the fungal strain using the discketones.
B. substilis Klebsiella Micrococcus
++ ++
++ + +
++ ++ +
— — +
++ + ++
+ ++ —
+ —
+ +
+ ++ +
— + +
— ++ +
+ +
and Streptomycin (20–25 mm); Control: Methanol; —: No activity:
4 mm).
Table 7 Antifungal activities of substituted styryl 40-nitrophenyl ketones.
Entry X Trichoderma viride Penicillium Aspergillus niger
1 H + ± +
2 3-Br ± + —
3 4-Br ++ + ++
4 3-Cl — ++ +
5 4-Cl + ± ±
6 4-F ++ + ++
7 2-OCH3 ± — +
8 4-OCH3 ++ ++ +
9 4-CH3 + + —
10 2-NO2 + + ±
11 3-NO2 ± + +
12 4-NO2 — ± ±
Standard: Griseofulvin and Gentamycin; Duration: 72 h; Control: Methanol; Medium: Potato dextrose agar; ++: No fungal colony; +: One
fungal colony; ±: Two–three fungal colonies; —: Heavy fungal colony.
S130 R. Arulkumaran et al.diffusion technique and with the other two strains Penicillium
species and Aspergillus niger, using the dilution method. The
drug dilution was kept as 50 lg/mL. Griseofulvin had been ta-
ken as the standard drug. The observed antifungal activities of
all chalcones are presented in Table 7. The study of antifungal
activities of all ketones against Trichoderma viride shows that
the three compounds 3, 6 and 8 are effective with 20 mm as
the zone of inhibition in 250 lg/ disc while chalcones 1, 5, 9
and 10 are moderately active with 13–19 mm zone of inhibition
and the compounds 2, 7 and 11 are the least active with 8–
12 mm zone of inhibition with one or two colonies. Com-
pounds 4 and 8 are visible against Penicillium species, in the
development of the fungal colony and 2–3 colonies are re-
corded for the compounds 1, 5 and 12. The inhibition of ke-
tones against A. niger is less for the compounds 5, 10 and
12. Presence of a methoxy, methyl and bromo substituents
are responsible for the variations in antimicrobial activities
of chalcones.Acknowledgement
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